AS THE SCOPE OF cardiac surgery has broadened, the need for total valvular replacement is frequently encountered. Although various prostheses are employed, the methods of fixation are essentially similar in that sutures are utilized to hold the prosthetic device. This frequently requires a long period of cardiopulmonary bypass and protection of the heart with coronary perfusion and/or hypothermia. The prostheses, of necessity, must contain a cuff of material for the sutures to affix the prosthesis. This intermediary cloth and/or the sutures can be the nidus of thrombus formation which so frequently complicates vascular surgery. To simplify the method of fixation, lessen bypass time, and reduce thrombus formation, a method of fixation niot previously described has been employed in both the aortic and mitral positions, utilizing a rapid, nonsuture, mechanical fixation. The essential feature of this fixation is the use of multiple curved pins to hold the valves in position. Although the ball-valve mechanism, the material, and the principle of fixation are similar in the aortic and mitral modifications, the instrumentation and mechanics of fixation differ and will be separately described.
The mechanics of the aortic fixation consist of an inner ring containing nine pins and an outer ring to which the valvular mechanism is attached and through which the fixation pins inove (fig. 1A ). The inner ring contains nine holes into which the short arm of an L-shaped pin inserts and acts as a pivot point for the rotation of the long arm which is similar to a noneutting curved needle 7 mm. in length and 1 mm. in thickness. As the inner ring is rotated, the pins are simultaneously pivoted and ejected through orifices in the lateral margin of the outer ring. The pins proceed outward, in a radial direction, for 5 mm. and then curve toward the base in a horizontal plane a distance of 2 nmm., making a total curved excursion of 7 mm. A tool has been designed which is used to hold the valve during placement and to simultaneously drive the pins into the aorta at the time of fixation ( fig. 1B ). The base of the aortic prosthesis is 5 mm. in height and has an internal orifice of 3 sq. em. The cage length is 3 em., allowing a ball excursion of 2.8 cm. The base ring to which the cage is attached was formerly circular in outline, but has recently been altered to a coronal shape, thereby better conforming to the shape of the base of the aorta (fig. 2 ).
The aortic prosthesis has been utilized on two occasions. Case I D.S., a 43-year-old white female, was followed in the Outpatient Clinic of the Allegheny General Hospital for two years with the established diagnosis of aortic valvular insufficiency, proven by left-heart catheterization. On April 13, 1962, operation was performed utilizing a midsternal incision and cardiopulmonary bypass without hypothermia. Examination of the valve showed leaflets which were nmarkedly shortened and prolapsed into the ventricle. Since a plastic procedure was impossible, the aortic valve was excised and the previously described prosthesis was inserted in the subeorouary position with mechanical fixation ( fig. 3 ). increasing neurological signs and died. An autopsy showed thrombosis on the lateral aspect of the valve. Extending from the apex of the case was a long tail of thrombus going into the arch of the aorta and right carotid artery. There was a large area of hemorrhage in the right occipital area of the brain. The coronary orifices were patent, but the thrombus had extended in toward the lumen of the valvular orifice, interfering with the seating of the ball and accounting for the postoperative diastolic murmur. The valve had been in place five months.
Case II J.S. a 43-year-old white male, was admiiitted to Allegheny General Hospital on June 6, 1962 with severe right and left ventricular failure. Previous left-heart catheterization confirmed the presence of a 4+ aortic valvular insufficiency. After intensive therapy, during which time the patient lost 30 pounds, operation was performiied. The aortic valve was exposed by means of a vertical sternal splitting incision and cardiopulmonary bypass. A deformed aortic valve was found with severe prolapse of the leaflets into the ventricle. The valve was excised and the previously described modified prosthesis was inserted with mechanical fixation into the base of the aorta. Bypass time was 25 minutes. Postoperatively, the blood pressure was 130/70 and, considering his advanced cardiac status, the patient had a smooth postoperative denly developed severe epigastric distress and went and driven into the base of the aorta by a special into profound cardiovascular shock. Neurological tool. B. Tool designed to hold valve during placeexamination was normal and no recent change ment and drive the inner ring to force the pins was noted on an electrocardiogram. The patient out and into the adjacent tissue. failed to respond to the usual heroic measures and died eight hours following this episode. At autopsy, the fixation was intact; there was no emibolization and there was no evidence of malfunction of the valvular mechanism. The immnediate cause of death could not be ascertained, but the heart weighed 1,500 Gm., and severe myocardial fibrosis and cardiac cirrhosis were present.
Mitral Prosthesis
The mechanism of fixation employed in the 77Z7 mitral valve consists of two doughnut-shaped out approximately 3 mm. and toward the upper plate, and vice versa. In this manner, the pins come to interdigitate with each other as the plates are approximated ( fig. 5) . It is thus possible to engage the remnants of the mitral ring with 48 points of fixation in a matter of seconds. The mitral prosthesis has been employed on one patient to date, with a highly satisfactory result.
Case III W.S., a 53-year-old white male truck driver, was admitted to Allegheny General Hospital on August 1, 1962 with a diagnosis of 4+ mitral insufficiency, proved by left-heart catheterization on February 1, 1962. Despite digitalis and diuretics, the patient was unable to work and was admitted for valvular replacement. Operation was performed on August Circulation, Volume XXVII, April 1963 Figure 6 Posteroanterior view of the chest two weeks postoperatively. 8, 1962 by means of a left thoracotomy and cardiopulmonary bypass. A typically deformed, calcified valve was found with insufficiency along its entire length. The leaflets were excised, leaving a rim of valve tissue approximately 5 mm. in width adjacent to the mitral ring. The previously described prosthesis was inserted by placing the rim of the valve between the plates and then approximating the plates by turning the central cylinder. The pins were automatically ejected into the rim of the valve tissue and mitral ring, obtaining a secure fixation. The total period of bypass was 32 min-7I8AGOVERN, KENT, CROMIE utes. The patient's postoperative course was uneventful; anticoagulants were started on the fifth postoperative day, and he was discharged home on his sixteenth postoperative day ( fig. 6 ).
Discussion
The limited experience reported prevents conclusive opinions; however, the insertion in both areas was greatly simplified by this method of fixation while reducing the time of cardiopulmonary bypass to a minimum. This is the prime purpose of reportingf this experience. Since the longest period of bypass was 32 minutes, which included opening and closing the heart and removing the diseased valve, the short time required for fixation is readilappreciated.
Although this method did not prevent thrombus formation, particularly in the aortie area, we do not feel it necessarily contributed to it, since identical findings have been reported when using a similar closed-cage mechanism sutured in the subeoronary position.' It may be that thrombus formation is related more to the hemodynamics of a closed-cage ball valve, the materials employed, and the varying effectiveness of anticoagulants than to the method of fixation. This problem of thrombosis is being pursued by our labora-tory2 and many others. We have modified the valves to an open-end eage, and feel that eortinued experience will prove that this method of fixation will reduce the operative mortality and lessen the hazard of thrombus formation by eliminating sutures and the intermediary cloth from the fixation.
Summary
Valvular prostheses which incorporate an original method of mechanical fixation never previously described have been developed and successfully used in the aortic and mitral positions. Their principal advantage is a rapid, nonsuture method of permanent fixation which requires but a few seconds, thereby eliminating the need for prolonged cardiopulmonary bypass, myocardial perfusion, and hypothermia. The risk of subsequent thrombus formation has been reduced by the elimination of sutures and cloth cuffs ordinarily used for fixation to the tissues.
Addendum
The aortic prosthesis has been used on two additional patients since submission of this paper. Both cases are over three months postoperative, with excellent results.
